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The influence of predators on the distribution, density and dynamics of their prey species has 
long been of interest to ecologists and wildlife managers. Where the prey population is also 
utilised by humans, conflicts may arise through competition for a limited resource. Because 
gamebird shooting in the UK provides employment, recreation and income, the impact of 
birds of prey on gamebird populations has been the subject of intense debate for many years. 
A variety of approaches has been used to assess the impacts that raptors have on gamebird 
populations. Here we review the applicability and limitations of the methods used and assess 
the scientific evidence for population-level and economic impacts of raptors on gamebird 
populations in the UK. Raptors may, in some situations, take large numbers of gamebirds and 
may be an important proximate cause of mortality, although few studies have assressed the 
impacts of raptors on either breeding or pre-shooting densities. Two exceptions are studies of 
Hen Harrier and Peregrine predation on Red Grouse on moorland in Scotland and 
Sparrowhawk predation on Grey Partridge on farmland in England. Both these studies 
suggested that raptors could have population-level impacts when their gamebird prey was 
already at low density. Studies on predation of captively bred gamebirds suggest that 
numbers taken by raptors at release pens vary considerably and in a few cases raptors have 
been documented killing relatively large numbers. On the whole, however, it appears that 
raptors account for a relatively small proportion of mortality among released birds and the 
impact on subsequent shooting bags is unknown. We summarise important gaps in current 
knowledge and recommend specific areas for future research. 
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The role of predation and the status of predators have become central themes in applied ecology, 
stemming in part from issues in species management and conservation (Ormerod 2002). Conflicts 
between humans and predators arise primarily because of competition for resources, the basic tenet 
being that predators reduce the density of prey that would otherwise be available to humans. Such 
conflicts can become highly controversial because the resources concerned are of economic value 
and the predators involved often have a high public profile and are legally protected (Woodroffe et al. 
2005). In some areas, increases in predator populations following successful conservation programs 
and protective legislation have exacerbated past conflicts (e.g. Messmer 2000). Predator-prey 
interactions may also generate conservation conflicts in situations where one endangered species 
preys on another (e.g. Roemer & Wayne 2003). 
Gamebird shooting plays an important socio-economic role in communities in many European 
countries. A survey in the UK, for example, suggested that in 2004 almost a third of a million people 
participated in driven shooting of lowland game species (including ducks), and almost 50,000 people 
in walked-up and driven grouse shooting (Public & Corporate Economic Consultants 2006). 
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Gamebirds have a variety of mammalian and avian predators, including raptors, and several 
gamebird and raptor species are of high conservation concern (Valkama et al. 2005). Systematic 
data on many aspects of predator-prey conflicts are often sparse, in marked contrast to the wealth of 
anecdotal or subjective opinion on these issues (Graham et al. 2005). Consequently, there is 
widespread concern and debate amongst shooting and conservation stakeholders about the current 
role of raptors in limiting gamebird populations and their effects on game management (e.g. 
Harradine et al. 1997, UK Raptor Working Group 2000, Robson & Carter 2001, Allen & Feare 2003). 
Here we review raptor predation of gamebirds in the UK. The review covers all the UK’s 
native and introduced galliforms that are, or were, hunted in the UK on a regular basis since the start 
of systematic population monitoring (i.e. after 1960): Grey Partridge Perdix perdix, Red-legged 
Partridge Alectoris rufa, Pheasant Phasianus colchicus, Capercaillie Tetrao urogallus, Black Grouse 
Tetrao tetrix, Red Grouse Lagopus lagopus scoticus and Ptarmigan Lagopus mutus. Important 
elements in the resolution of any human-wildlife conflict are the development of mitigation techniques 
and an understanding of the social aspects underlying such conflicts (e.g. Redpath et al. 2004, 
Woodroffe et al. 2005). The remit of the current study, however, was to review the scientific evidence 
for impacts on UK gamebird populations arising from raptor predation, not to consider mitigation 
techniques or conflict resolution.  
The review aims to assess (i) the population and conservation status of gamebirds in the UK, 
(ii) evidence for population-level impacts of raptor predation and (iii) evidence for economic losses 
arising from raptor predation. We outline the generic limitations of the variety of techniques used to 
assess the impacts of predation on prey populations and summarise the available information on 
raptor predation of gamebirds in the UK. Further details and caveats of the studies cited in this paper 
can be found in Park et al. (2005).  
 
LITERATURE REVIEW 
 
Literature searches encompassed published (peer-reviewed), unpublished and web-based literature. 
Published material was identified initially using the ISI Web of Knowledge database (up to the end of 
2006). Other published and unpublished material was identified by carrying out web searches for key 
words using the Google search engine and from the reference sections of papers and reports already 
obtained. The review included studies investigating raptor-gamebird interactions throughout the UK 
but also included those from continental Europe where these specifically addressed the issue of 
raptor impact on gamebird populations. We also conducted a small number of consultations and 
workshops with key stakeholder groups (see Acknowledgements), in order to assess research needs 
and identify further sources of data that might not have been found during the literature searches. 
 
ASSESSING IMPACTS OF PREDATION 
 
What is a predation impact? 
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The impact of predation on prey species depends largely on whether and how predators respond to 
changes in prey density (Begon et al. 1990). They can respond by changing individual predation 
rates (the functional response) or by changing their density (the numerical response; Solomon 1949). 
For the purposes of this review we have defined two types of impact: population-level and economic. 
The factors that cause the highest mortality within a population are not necessarily those that 
ultimately determine the population level, and large numbers of prey can be taken by predators 
without having an impact on the subsequent size of the prey species’ breeding population (Newton 
1998). This is because there are other sources of mortality (e.g. competition for territories or food) 
that may be higher at high prey densities (i.e. they are density dependent), and predation may be 
compensated for via reduced mortality from other factors or increased productivity from the remaining 
individuals. If predators selectively take weaker prey, for example heavily parasitised Red Grouse 
(Hudson et al. 1992), any impact on the population arising from predation may be reduced since such 
individuals would have died from other causes. For predation to have an impact at the population 
level, it must represent additive mortality (Begon et al. 1990, Redpath & Thirgood 1997). We 
assumed that predation reduces the population size of a prey species if it ultimately compromises 
subsequent breeding numbers, as this is the figure upon which future populations will depend. Hence 
the take of individual prey by a predator does not necessarily equate to a population-level impact on 
the prey population. 
 Where gamebirds are hunted by humans, other predators may be regarded as competitors, 
and can potentially inflict an economic impact on shooting interests, regardless of whether or not they 
exert population-level impacts on the prey population. Quantifying the economic impact of predation 
is problematic, however. There is only direct economic impact if predators remove game that would 
not only otherwise have been available for hunting, but that would have actually been hunted. The 
economic impact of predation, therefore, does not necessarily equate to the number of individual 
prey taken by a predator. Predators may also exert economic impacts indirectly, without necessarily 
reducing population abundance, for example by disturbing birds on shoot days.  
 
How do we identify impacts? 
Methods that have been used to identify evidence of raptor predation and to assess or predict the 
impact of raptors on gamebirds include correlational analysis of abundance data, dietary analysis, 
survival analyses, experimental manipulation of predator numbers and questionnaire surveys. The 
applicability and limitations of each of these techniques are outlined in Table 1. Some studies 
investigating the impacts of predation have used a combination of techniques, and this may help 
considerably in interpretation of the data collected and strengthen any conclusions. 
 
In addition to direct predation, predators can also affect prey population density by stimulating 
defensive strategies, the costs of which can include reduced energy income, lower mating success 
and increased vulnerability to other predators (see Preisser et al. 2005 for review). A recent meta-
analysis of predator-prey interactions indicated that the impact of such trait-mediated interactions on 
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prey demographics was at least as strong as direct consumption (Preisser et al. 2005). We know of 
no study to date, however, which has allowed the magnitude of any impact of trait-mediated 
interactions of raptor-gamebird interactions to be assessed.  
 
POPULATION AND CONSERVATION STATUS OF GAMEBIRDS IN THE UK 
Some gamebirds have been managed for shooting in the UK since at least the nineteenth century. 
The primary aim of game management is to maintain or increase the number of birds available to be 
shot in a given area during the shooting season. A combination of approaches can be used to 
achieve this: 
 
1. Maintain or increase the size and/or productivity of wild populations through habitat management, 
provision of food and shelter, predator control and management of disease and parasites;  
2. Minimise non-shooting losses of wild adult gamebirds through predator control and habitat 
management to control dispersal; and/or 
3. Supplement wild populations with released birds through captive rearing 
 
The last century has seen substantial declines in many wild populations of gamebirds and also in 
shooting bags (numbers of birds shot) in the UK (Tapper 1999). Shooting bags may be useful 
indicators of population size for gamebirds, although this has only been demonstrated empirically for 
Red Grouse (Cattadori et al. 2003). Reasons for these declines appear to be species specific. A 
large number of captive bred gamebirds are released each year for shooting, in the UK mainly the 
exotic Pheasant and Red Legged Partridge, both of which now have long established feral stocks 
(Table 2). In addition, small scale releases of the native Grey Partridge are made in some parts of the 
UK (Tapper 1999). Currently, around 25 million gamebirds are available for shooting annually in the 
UK, with galliforms, mainly Pheasant, Red Grouse and partridges comprising 70% of all shooting 
bags (Martinez et al. 2002). Table 2 outlines the most recent estimates of UK gamebird breeding 
population sizes (or numbers released and estimates of wild stocks for non-native species), trend 
information where available and population status within the UK. For the purposes of this review we 
have restricted consideration of population level impacts to native gamebird species. Studies 
investigating predation of captive bred birds are reviewed in the section on economic impacts.  
 
EVIDENCE FOR POPULATION-LEVEL IMPACTS OF RAPTOR PREDATION  
Red Grouse  
Long-term declines in Red Grouse numbers appear to have a number of causes. There was a 
reduction of around 20% in heather-dominated moorland across the UK between the 1940s and the 
1980s, as well as widespread degradation of remaining heather moorland (Thompson et al. 1995, 
Thirgood et al. 2000a). In addition, changes in management have occurred following sharp declines 
in gamekeeper numbers (Tapper 1992), and numbers of several predators species have increased: 
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Red Foxes Vulpes vulpes, mustelids and corvids Corvus spp. are all thought to have a considerable 
impact on numbers of Red Grouse and are killed legally by gamekeepers (Hudson 1992).  
Concerns surrounding the possible limiting effects of predation on Red Grouse populations 
centre on the importance of raptors. Red Grouse form part of the diet of several raptor species, such 
as Golden Eagle Aquila chrysaetos, Hen Harrier Circus cyaneus, Peregrine Falco peregrinus and 
Buzzard Buteo buteo (Mearns 1983, Redpath 1991, Watson et al. 1993, Graham et al. 1995). Using 
data from 14 studies across the UK of prey remains and pluckings, Ratcliffe (1993) calculated that 
Red Grouse comprised 40% by weight of all prey taken by Peregrines during the breeding season, 
and estimated that Peregrines took 1.6% to 5.3% of the Red Grouse population annually. In a Red 
Grouse population at high density in Glen Esk, non-territorial birds were those most likely to be killed 
by predators, and Peregrines took very few of these birds, though raptor numbers in this area were 
low at the time of the study (Jenkins et al. 1963, 1964). Data collated from areas with different Red 
Grouse densities indicated that whilst an estimated maximum of 12% of Red Grouse chicks were 
removed by Hen Harriers from a high density moor, up to 24% of chicks were taken from a lower 
density moor in the six weeks after hatching (Picozzi 1978, Redpath 1991). Comparisons between 
matched pairs of moors demonstrated that moors with Hen Harriers produced 17% fewer Red 
Grouse than moors without harriers (Redpath 1991). Although these data do not demonstrate that 
harrier predation was responsible for reducing grouse production (there may have been other 
unknown differences between paired moors relating to management or habitat), evidence for a 
causal association is strengthened by data from one pair of moors where Red Grouse breeding 
success over time varied with harrier density (Redpath 1991). Of 729 Red Grouse corpses found 
during intensive searches at ten sites on managed moorland, 52% were reportedly killed by raptors in 
Scotland, and 42% in England (Hudson et al. 1997). There is, however, the potential for some bias 
towards finding raptor kills in studies such as these, as raptors tend to leave more remains at a kill 
site than mammalian predators (Smith & Willebrand 1999).  
The most comprehensive study on the impacts of raptors on Red Grouse, the Joint Raptor 
Study (JRS), was conducted at six moorland study sites around the Langholm Estate in Scotland 
(Redpath & Thirgood 1997, 1999, Thirgood et al. 2000a, b). The aim of the study was to assess 
whether predation by raptors could limit Red Grouse numbers to a level substantially below that 
which would occur in the absence of raptors (Redpath & Thirgood 1997). The raptors present at 
Langholm were given complete protection from 1992, and over the following five years the number of 
breeding female Hen Harriers increased from two to 20 and the number of Peregrines from three to 
six pairs (Redpath & Thirgood 1999). Based on survival and predation estimates from Langholm 
(1994-96), predation on adult Red Grouse by raptors during April and May was estimated to remove, 
on average, 30% of the potential breeding stock of grouse and, in summer, 37% of grouse chicks 
(Thirgood et al. 2000b). Taking into account compensatory mechanisms that may have been 
operating in the population, most losses of adults and chicks to raptors were thought to be additive to 
other causes of mortality, and to have reduced the numbers of grouse available to shoot in autumn 
by an estimated 50% in one year (Thirgood et al. 2000b). Over-winter loss of Red Grouse to raptors 
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was estimated as 30% but it was not possible to determine the proportion of these grouse that would 
have survived in the absence of raptors (i.e. whether mortality due to raptors was additive or 
compensatory; Thirgood et al. 2000b). A simple model that combined the estimated reduction in 
breeding productivity with observed density dependence in winter losses predicted that, over two 
years and in the absence of raptors, grouse breeding numbers would have increased by 1.9 times 
and autumn numbers by 3.9 times (Thirgood et al. 2000b). Systematic counts of Red Grouse at 
Langholm showed that spring, summer and autumn densities decreased significantly between 1992 
and 1998 (Thirgood et al. 2000b). Since 1998, spring densities have continued to decline (Baines & 
MacMaster unpubl. data). The long-term declines in Red Grouse numbers at Langholm that occurred 
prior to the 1990s cannot be attributed to raptors, since raptors were uncommon in the area before 
1990 (Thirgood et al. 2000a). From the results of the JRS, however, Thirgood et al. (2000a) 
concluded that raptors (Hen Harriers and Peregrines) prevented grouse numbers from increasing 
and reduced shooting bags. The study indicated that, in the absence of other predators, Peregrine 
predation would be unlikely to limit grouse numbers but, in addition to that from Hen Harriers, the 
level of raptor predation prevented the grouse population from increasing out of a low density 
population phase. Redpath and Thirgood (1999) also investigated how rates of predation by Hen 
Harriers and Peregrines varied with the density of Red Grouse across six different moors. The 
models suggested that the harriers took the highest proportion of grouse chicks at densities of 
around 67 chicks per km2, and that this predation could dampen grouse cycles and trap grouse at a 
low density equilibrium. The model of Peregrine predation suggested that a higher proportion of 
grouse was taken at grouse densities below 20 per km2.  
The question clearly of interest to game managers is whether the findings of the Langholm 
study are representative of what could occur on other grouse moors if raptor densities were to 
increase. The question needs to be split into two parts. First, could similarly high densities of raptors 
(specifically Hen Harriers and Peregrines) occur on other grouse moors in the absence of measures 
to limit their numbers? Secondly, would these high densities of raptors then lead to the loss of driven 
shooting on other moors, as occurred at Langholm? In order to answer the first question, it is 
necessary to consider the extent to which the characteristics of Langholm are representative of those 
of other grouse moors. The vegetation at Langholm, and the density of Red Grouse supported prior 
to the JRS, both fall broadly within the range of UK moors, and the abundance of Meadow Pipits 
Anthus pratensis (one of the main sources of alternative prey for the Hen Harrier and a significant 
predictor of harrier breeding density; Redpath & Thirgood 1999) at Langholm was not exceptional 
(Smith et al. 2000, 2001). These similarities suggest that Langholm might also be likely to support 
similar densities of small mammals to other moors, although empirical data are lacking. Redpath and 
Thirgood (1997) concluded that the impacts of harriers and Peregrines were likely to be higher on 
grouse populations on southern moors, and on grassy rather than heather-dominated moors. They 
also noted that Peregrines might also reach higher densities on southern than northern moors, due to 
the availability of racing pigeon prey. Smith et al. (2000) noted that Langholm moor is largely 
surrounded by rough grassland (which would be likely to hold much higher densities of alternative 
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prey than, say, farmland), and that there is a need to consider how harrier densities (and breeding 
success, diet, hunting range and activity) are influenced by the wider landscape. A further issue of 
importance in this context is the suite of raptors present at Langholm compared to other grouse 
moors. It has been suggested that Golden Eagles may limit densities of other raptors (including 
Peregrine, Buzzard and Hen Harrier) in some areas (Ratcliffe 1993, Fielding et al. 2003), and the 
absence of Golden Eagles at Langholm might have resulted in high densities of harriers and 
peregrines becoming established.  
To answer the second question, it is necessary to consider the ways in which Hen Harrier and 
Peregrine predation rates on grouse (their individual functional responses) and changes in the 
numbers of the predators (the numerical response) vary in relation to grouse density and the density 
of alternative prey species. If alternative prey densities are also similar to those at Langholm, then 
the remaining issue is that of the functional response to differing densities of grouse. The functional 
response curve for Hen Harrier predation on Red Grouse derived during the JRS (Redpath & 
Thirgood 1999) was based largely on temporally disparate data from a number of moors, not on time 
series from the same moors. The critical accelerating part of the curve (indicating density-dependent 
predation of grouse chicks) was based on observations during four breeding seasons but largely from 
one moor, and the part of the curve corresponding to high grouse densities was based on data 
collected at two harrier nests on one moor in one year only (Redpath & Thirgood 1997), so it is not 
clear to what extent the proportion of grouse chicks removed might decline as densities increase. 
Redpath and Thirgood (1999) recognised these limitations but pointed out that where prey numbers 
are limited by their predators, it may not be possible to measure predation rates over a wide range of 
prey densities. 
 
Ptarmigan  
Relatively few Ptarmigan are shot in the UK each year (see Table 2) and unlike other gamebirds 
covered in this review, no habitat management or predator control is conducted to enhance 
population sizes of this species. Foxes are one of the main predators of Ptarmigan, taking adults, 
chicks and eggs, whilst Golden Eagles are known to take adults and Carrion Crows Corvus corone to 
take eggs and small chicks (Watson et al. 1998, Watson & Moss 2004). Other known predators 
include mustelids, Peregrines and Raven Corvus corax. To our knowledge, there have been no 
studies that have allowed any impacts of raptor predation on population densities to be assessed for 
Ptarmigan in the UK, although work by Nielsen (1999) indicated that predation by Gyrfalcons Falco 
rusticolus in Iceland had population-level impacts on Ptarmigan density and dynamics. 
 
Black Grouse  
Long-term declines in Black Grouse in the UK have been attributed to agricultural expansion and 
intensification, and this species is now only found in the uplands of Scotland, Wales and northern 
England (Baines & Hudson 1995, Hancock et al. 1999). Recent declines have been associated with 
inappropriate grazing regimes and maturation of forests (Baines 1996, Calladine et al. 2002, 
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Johnstone & Lindley 2003, Pearce-Higgins et al. 2007). Deer and stock fences have also been 
implicated as a cause of high mortality (Baines & Andrew 2003). The relative importance of these 
various proposed causes of decline in the UK, however, is difficult to assess. Predation is widely 
recognised as a major proximate cause of mortality and breeding failure in Black Grouse. Red Foxes, 
mustelids and corvids tend to be the main predators of nests and chicks, while Red Foxes and 
raptors kill adults (Angelstam 1984, Picozzi & Hepburn 1984, Willebrand & Marcstrom 1988). 
Woodland grouse species, and in particular Black Grouse, can form a large part of the breeding 
season diet of Goshawk Accipiter gentilis in Fennoscandia (Widén 1987, Tornberg 2001).  
The proportion of adult Black Grouse taken by Goshawks each breeding season in Sweden 
was estimated using a combination of searching for prey remains at Goshawk nests during the 
breeding season and following radio-tagged Goshawk in winter over four years. This was estimated 
to be in the range of 4-14% of male spring numbers, and 6-25% of female spring numbers (Widén 
1987). The minimum estimates represent the actual number of Black Grouse found at Goshawk 
nests and the maximum was based on the proportion, by weight, of Black Grouse in the Goshawk 
diet and the estimated food consumption of the Goshawk population during the breeding season. 
This latter figure would therefore represent an overestimate if there was a bias towards finding large 
prey (Widén 1987). In contrast, during the winter months Goshawks switched to taking Red Squirrels 
Sciurus vulgaris, and there was evidence of only two Black Grouse in the combined kills of four male 
and six female radio-tagged Goshawk over four winters (Widén 1987). Other studies have focused 
on the fate of Black Grouse monitored using radiotelemetry (Table 3). The length of time birds were 
followed for varied widely, in part due to the age differences of the birds, so care should be taken 
when comparing losses between studies. Each of these radio-tracking studies must be evaluated 
carefully due to the conflicting concerns expressed by those with experience of tracking this species 
about the effects of the tags and/or handling stress after attachment (Angelstam 1984, Caizergues & 
Ellison 1997, 1998, Bowker & Bowker 2003): some of this work suggests that the effects of some 
tags can be subtle and relatively long-term, specifically in the case of attachment to breeding females 
(Caizergues & Ellison 1998). Researchers have dealt with this possibility in different ways (see Park 
et al. 2005 for details), and it is not possible to assess how these different approaches may have 
influenced the subsequent survival of individuals. If we assume that any effects of tagging are 
negligible in these studies, the results suggest that at some sites where key raptors are present (e.g. 
Goshawk and possibly Peregrine ), they may account for a high proportion of Black Grouse mortality, 
and where chick losses in particular are high, raptor predation could potentially lead to impacts on 
breeding Black Grouse populations. Despite this, no study has modelled the impact of raptor 
mortality on Black Grouse populations. In addition, the studies in Wales that have suggested raptor 
predation is an important source of mortality of Black Grouse chicks were conducted during a period 
when the numbers of lekking males at several of the study sites had increased (e.g. Lindley et al. 
2003), so that, to date, no significant impacts on breeding densities have been demonstrated.  
 
Capercaillie 
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Low breeding success appears to be the main demographic cause of the decline that has taken 
place in the Scottish breeding population of Capercaillie since the 1970s. This may be due to climate 
change, since warming in April has been increasingly delayed during the period 1975-1999, and 
breeding success is higher when warming proceeds earlier (e.g. Moss et al. 2001). In coniferous 
habitats in Fennoscandia, Capercaillie is important prey in the summer diet of Golden Eagles 
(Tjernberg 1981) and Goshawk (Widén 1987). In Scotland, they have been recorded in the diet of 
Buzzards and Golden Eagles (Marquiss et al. 1985, Swann & Etheridge 1995). A radio-tracking study 
of Capercaillie in Abernethy and Glen Tanar showed that predators accounted for the known fates of 
three of 46 poults (6.5%), four of 35 juveniles (11.5%) and seven of 21 adult birds (33%), mostly 
females (Catt et al. 1994, Moss et al. 2000). However, in neither of these studies were the authors 
able to distinguish between predator species or assess whether birds had been killed or scavenged. 
The relationship between Capercaillie breeding success and predator abundance within 14 forest 
areas across Scotland was investigated using composite measures of predator abundance (indices 
for Red Fox, Pine Marten Martes martes, Carrion Crow and raptors; Baines et al. 2004). Sightings 
(largely of Buzzards and Sparrowhawks Accipiter nisus) along a transect, were used as the index of 
raptor abundance. In comparison with the abundance of other predators, variation in raptor 
abundance did not appear to be associated with differences in Capercaillie productivity between 
sites: one composite index, comprising largely variation in the abundance of Red Fox and Carrion 
Crow but also raptors to a lesser extent, was negatively related to productivity, but another index 
accounting for a higher proportion of variation in raptor abundance was unrelated to productivity. 
Bilberry Vaccinium myrtillus cover in the forest field-layer was also related to Capercaillie breeding 
success and accounted for more of the variation than did the most significant index of predator 
abundance (Baines et al. 2004). To our knowledge, there have been no studies that have allowed 
any impacts of raptor predation on population densities to be assessed for this species. 
 
Grey Partridge 
The ecology and population dynamics of the Grey Partridge have been the subject of intensive 
research. Consequently, the main cause of the substantial population decline is known to be high 
chick mortality caused by reduced insect abundance following the introduction of herbicides in the 
1950s (Southwood & Cross 1969). Numerous studies have confirmed this relationship, although 
predation by Red Fox  and corvids  has also had an impact on autumn and spring stocks (e.g. Tapper 
et al. 1996). Hen Harriers and Marsh Harriers Circus aeruginosus have also been identified as 
important predators of Grey Partridge in France (Bro et al. 2001, 2006), where these two species 
cause up to 29% of female Grey Partridge mortality during breeding. Dietary studies have indicated 
that Grey Partridge comprise only a small proportion (0.08 – 2.2%) of prey items found at Buzzard, 
Montagu’s Harrier Circus pygargus and Sparrowhawk nests (Newton & Marquiss 1982, Underhill-Day 
1993, Swann & Etheridge 1995). Of 42 wild Grey Partridge monitored over 12 months at two sites in 
Scotland, it was estimated that 8 (19%) were taken by raptors, in comparison to total mortality levels 
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of 60% (Parish & Sotherton 2007). Buzzards and Sparrowhawks were both seen attacking, but not 
killing, partridges in this study but the identity of the main predator species is unknown.  
Over-winter losses to shooting and predation (by raptors and Red Foxes) of Grey Partridge 
were calculated using count and bag data and predator signs on carcasses at one long-term study 
site in Sussex, England (Watson 2004, Watson et al. 2007). Kills by Sparrowhawk were far more 
common than kills by Buzzards. A deterministic population model for Grey Partridge (Potts 1986, 
Aebischer 1997) was then used to predict the effect of raptor predation on spring stocks of partridge 
under a range of different management scenarios and shooting pressure. Mortality of Grey Partridges 
to raptors over-winter was estimated at between 9.5% of autumn density and 15% of post-shooting 
density, depending on when most losses to raptors occurred (i.e. pre or post shooting). In the 
absence of shooting, this results in a reduction of the spring equilibrium density of 11-26% (Watson 
2007). Model runs to examine the consequences of intensive released-based shooting were also 
examined. Using average shooting losses observed at the site, the model predicted that in the 
absence of raptors intensive shooting reduced spring equilibrium density by 68-85%. Watson (2007) 
concluded that the impact of Sparrowhawk predation was greatest when Grey Partridge densities 
had been reduced to low levels by shooting and habitat loss and that, at this site, the proportion of 
wild birds shot exceeded the maximum sustainable yield. Extrapolating these results to other areas is 
not possible, as there are no comparable data from sites with higher densities of Grey Partridges and 
raptors and lower shooting rates (Watson 2004).  
In order to estimate over-winter loss, it was assumed that the difference between the autumn 
and spring estimates of partridge numbers could be accounted for entirely by shooting and predation 
losses (i.e. no emigration, deaths to other causes), and that all birds not accounted for in shooting 
bags were taken by either Red Foxes or raptors. The proportion of birds taken by raptors was 
estimated using predator signs on carcasses, but because of the low density of partridges in the 
area, the sample size for this was very low, and therefore may not be representative of raptor 
predation on the whole population. In addition, the estimates used in the model (e.g. count data) 
were assumed to be measured without error, and the sensitivity of the spring stock predictions to 
varying these estimates is not reported. As such, the model is useful for exploring the relative effects 
of different management scenarios but it is unclear how much confidence can be placed on the 
absolute percentage reduction that raptors, in particular Sparrowhawks, may have on spring stocks.  
  
EVIDENCE FOR ECONOMIC LOSSES ARISING FROM RAPTOR PREDATION 
Shooting is socioeconomically important in parts of the UK, providing employment, recreation and 
income for businesses, landowners and many rural communities. The latest figures given by the 
United Kingdom Tourism Survey (Star-UK 2000), from domestic tourists only, show that expenditure 
where shooting is the main purpose of the trip is approximately £34m in the UK as a whole. Direct 
expenditure on countryside sports at 1996 prices was estimated as £14.6m for Red Grouse shooting 
alone and £41m for sports shooting (excluding Red Grouse shooting and deer stalking, but possibly 
including non-gamebird shooting; Cobham Resource Consultants 1997). Two major studies on 
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grouse shooting in Scotland have evaluated capital generated and implications for local economies 
(McGilvray 1995, Fraser of Allander Institute 2001). Some 4500 people were employed in activities 
related to Red Grouse shooting in 2000, the equivalent of 940 full time jobs, supporting a total wage 
income of £14.8m and contributing £17m in GDP (Fraser of Allander Institute 2001). Any predation 
that reduces the numbers of gamebirds available for shooting, wild or released, could exert a direct 
economic impact on the shooting estate and potentially other parts of local economies. In this section 
we review studies that have estimated the number of captive-bred birds taken by raptors, and those 
that have attempted to assess the economic cost of raptor predation on both wild and released 
gamebirds. We also consider evidence for indirect economic losses arising from disturbance of 
gamebirds by raptors. 
 
Large numbers of young, naïve birds in and around pens in late summer provide a source of highly 
concentrated prey that several raptor species are well suited to exploit (Thompson et al. 1997, UK 
Raptor Working Group 2000). However, there are few scientific studies on the impact of raptor 
predation on released birds. A number of factors are thought to influence the exposure of released 
birds to raptor predation, including the location of pens, timing of releases and age of released birds 
(Allen & Feare 2003). Dietary studies have documented Pheasant and partridge remains in the diets 
of several raptors including Buzzard, Sparrowhawk, Marsh Harrier, Golden Eagle and Red Kite 
Milvus milvus (Walters Davies & Davis 1973, Marquiss et al. 1985, Wildman et al. 1998, Sim et al. 
2001). In the majority of these studies the percentage of prey remains comprising Pheasant is fairly 
low and (where stated) consists largely of chicks and young poults (0.6% - 4.2%; Newton & Marquiss 
1982, Underhill-Day 1985, Graham et al. 1995). A problem common to all of these studies is that of 
determining whether the Pheasants that were taken were killed directly or scavenged (Allen & Feare 
2003). 
 
A variety of techniques have been used to try and quantify the number of captive-bred game birds 
taken by raptors at release pens or shortly after release (Table 4). Although a comparison of these 
figures is difficult due to differences in the duration of each study, most indicate that the average 
estimated loss to raptors is relatively low, ranging from about 1% to 8% of birds released. There are 
exceptions to this, however (e.g. Kenward et al. 1977, Parish & Sotherton 2007), and the maximum 
losses reported suggest that predation at particular sites can be much greater (Table 4). The 
predation rate in all these studies will clearly depend to a great extent on the density of raptors, 
making extrapolations to areas which differ greatly in densities of raptors highly problematic.  
 
In order to quantify the economic impact of predatory birds on game management, estimates of the 
number of birds taken by the predators that are subsequently unavailable for shooting, and of the 
numbers of birds actually shot are required. It is not sufficient simply to take the number of gamebirds 
taken by predatory birds and multiply it by the unit value of that gamebird. Two studies have 
attempted to estimate economic losses due to raptor predation of Pheasants (Kenward 1977, Allen et 
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al. 2000; Table 4). Questionnaires were sent to 14 estates across England and independent 
observations by researchers were made at release pens (Allen et al. 2000). It has been estimated 
that 45% of Pheasants released will be shot in the first season after release (Tapper 1992). Based on 
a pen of 1000 poults and an average income to the estate of £20 per shot bird, losing 1% of released 
birds to raptors would constitute an income loss of £90 per pen. The maximum percentage loss found 
in this study (4.7% of released birds) would represent an income loss of £423 per pen. Allen et al. 
(2000) point out that where losses are relatively small and predictable, additional birds may be 
released to compensate for losses incurred by predators and other factors so the cost of raptor 
predation may be lower than this. Where, however, pens are subject to higher losses that cannot be 
anticipated, the release of sufficient additional birds is often not practical. Kenward (1977) attempted 
to estimate the financial impact of Goshawk predation at a large estate releasing Pheasants in 
Sweden (see section 4). Of the 4300 birds released, an estimated 800 were taken by Goshawks 
constituting a loss of approximately £5680 based on a value of 50 SEK (£7.1 in that year) per bird 
(Kenward 1977). This figure, however, assumes that all birds killed by Goshawks would have been 
shot whereas, as the authors point out, only 2000 (47%) of the released birds were shot/trapped up 
or left to breed (Kenward 1977). If, therefore, 47% of Pheasants taken by Goshawks would been 
available to shoot, the economic cost of Goshawk predation is reduced to £2670 for the estate. The 
estimates of economic loss for both these studies (in the case of Kenward 1977, the derived estimate 
of £2670), assume that all raptor predation is additive to other forms of mortality, and may therefore 
represent overestimates of economic impact.  
Hudson (1992) developed a simple economic model, encompassing the costs and income 
from Red Grouse management, which suggested that the costs of low intensity grouse moor 
management with the smallest driven bag sizes would be covered when the grouse density 
exceeded 60 per km2. The management intensities needed to produce the bag sizes typical for 
Langholm (one keeper per 10 km2) required Red Grouse densities of approximately 130 grouse per 
km2, which equates to 55 birds shot per km2 (Hudson 1992). On the basis of this model, Redpath and 
Thirgood (1997) estimated that an average of 2277 grouse must be shot annually on the 41.4km2 
moor at Langholm to break even financially. The cost of maintaining grouse moor management at 
Langholm in 1996 was reported to be £99 500 whereas the income derived from the grouse shot that 
year was just £2680 (Redpath & Thirgood 1997, Thirgood & Redpath 1997). In addition, five 
gamekeeper jobs were lost as a result of the cessation of shooting at Langholm. It is wrong to assign 
the entire deficit to the impact of raptor predation, as there are many factors that influence the 
numbers of grouse shot. However, despite grouse numbers being cyclic, so that a net profit is not 
expected every year, grouse numbers were expected to peak in 1996, as occurred for neighbouring 
moors with which Langholm grouse numbers were previously known to cycle in parallel. It should be 
noted that the model developed by Hudson (1992) is now out of date, so that it is unlikely to reflect 
the absolute current economics of grouse moors. The reduction of grouse numbers at Langholm led 
to driven shooting being abandoned in 2000 (S. Thirgood, pers. comm.), and, in this case, has had a 
major economic impact.  
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Indirect effects of raptors on gamebirds  
In addition to direct predation of birds, concerns have been expressed about the possible disturbance 
by raptors of gamebirds at shoots, and indirect effects of raptors at release pens due to stress, 
vulnerability to disease and dispersal (Harradine et al. 1997, Robson & Carter 1999, 2001, Allen et al. 
2000). From the data available, however, there is little evidence of this. In the study of Pheasant 
release pens in England, there was no apparent relationship between the frequency with which 
raptors occurred at release pens and losses of Pheasants to other causes (Allen et al. 2000). The 
authors of the study suggested that it was possible that such indirect effects may only become 
apparent when the frequencies with which raptors occurred at release pens were much higher than 
occurred in their study.  
 
An assessment of disturbance caused by raptors was conducted in North Yorkshire and Durham 
(Robson & Carter 1999, 2001). Of 170 drives at 11 sites, disturbance by raptors was recorded on 20 
drives, although 12 of these cases were reported by keepers to be relatively minor (Robson & Carter 
1999, 2001). Species implicated in these disturbances were Peregrine, Hen Harrier, Buzzard and 
also Raven. In Harradine et al. (1997) a subsample of respondents provided information on Grey 
Partridge and Red Grouse shoots. All of the keepers on 38 Grey Partridge shoots, and 84% of 
keepers on 136 Red Grouse shoots reported problems with raptors. For shoots dominated by Grey 
Partridge management, 49 incidents of birds being taken were reported during 1995, and in one 
case, a drive was lost. A total of 223 incidents were reported for Red Grouse shoots, with 27 drives 
being lost. The overall significance of such disturbance is unclear however, as the number of 
gamekeepers reporting such incidents was not specified so the proportion of respondents or drives 
experiencing these problems cannot be calculated.  
 
CONCLUSIONS 
The available evidence suggests that on a large scale, losses of reared gamebirds to raptors are 
relatively low, although they may be significant locally and may vary between gamebird species. 
There is also a considerable difference in the financial cost of losses of young birds and those of 
adult gamebirds. In order to demonstrate and quantify a direct economic impact, research is required 
to assess whether raptor predation of reared gamebirds actually reduces the numbers of gamebirds 
that would otherwise be shot.  
 
Gamebirds, particularly young birds, occur in the diets of most raptors, but they usually constitute a 
small component of the diet (Cotgreave 1995, Allen & Feare 2003). Some studies have estimated the 
proportion of raptor diet that comprises gamebirds but few have related this to the size of the 
gamebird population or assessed whether raptor predation affected the pre-harvest population or 
limited breeding numbers. A number of dietary studies have been unable to differentiate between 
prey species, and used general categories, such as ‘other birds’ or ‘tetraonids’, instead. Similarly, 
kills by raptors can often not be assigned to the specific raptor species concerned (e.g. Thirgood et 
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al. 1998). In addition, interpreting causes of death from gamebird carcasses can be problematic. This 
review highlights a general need for differentiation between predator species (and between prey 
species in focal studies of predators) in dietary studies if these are to be used to assess the impact of 
raptors on gamebirds.  
 
Given the importance of the Red Grouse system to many stakeholders,  research to interpret further 
the findings of the JRS and subsequent related projects to quantify the overall population-level and 
economic impact of raptors on grouse shooting is warranted. Three strands of research are required: 
(a) studies to evaluate the likely densities that key raptor species would reach on other moors if 
allowed to breed freely; (b) further consideration of the functional and numerical responses of key 
raptor species to variation in the densities of their prey; and (c) an interdisciplinary study by 
ecologists and socio-economists of how additive losses of gamebirds to raptors would translate into 
economic impacts on the grouse shooting industry. Some work that will contribute towards these 
overall aims is already planned or underway (Park et al. 2005).  
 
Data on population sizes and trends of Ptarmigan in the UK are lacking and there has been little 
research on raptor predation of this species. There have been few studies that have addressed the 
impacts of raptors on breeding densities of Capercaillie or Black Grouse and none has gone on to 
assess impact on the breeding population of the prey species in a fully quantitative manner. Most of 
the literature concerning these species has dealt with other causes of mortality, for example, disease, 
habitat loss, or other predator species. However, studies suggesting that raptors can be an important 
proximate cause of mortality for Black Grouse populations indicate that further research to test for 
impacts at the population level would be valuable.  
 
The study of predator and prey dynamics simultaneously is very demanding, in terms of time, money 
and logistics. Consequently, information about the functional and numerical responses of raptors to 
gamebird populations in the UK is scarce, with one notable exception (Redpath & Thirgood 1997), a 
shortcoming identified by a number of previous authors (e.g. Newton 1992, Martinez et al. 2002, 
Allen & Feare 2003, Valkama et al. 2005). Extrapolating the results of individual studies to other 
geographical areas or raptor-gamebird systems is problematic as the degree of any impact is likely to 
be highly dependent on the densities of gamebirds, the species and densities of raptors present, the 
availability of alternative prey, and probably also variation in habitat. Existing research suggests that 
the impacts of raptors on gamebirds are likely to be greater when gamebird populations are already 
at low densities. Consequently, further research to investigate under what circumstances raptor 
predation is likely to prevent particularly vulnerable gamebird species (e.g. Black Grouse) from 
responding to conservation measures (e.g. habitat management), is required. 
 
Finally, it should be recognised that controversy over the impacts of raptors on gamebird populations 
are not likely to be resolved simply by collecting more data on the scale of raptor predation. The 
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recent European Concerted Action within the 5th Framework Program: Reconciling Gamebird Hunting 
and Biodiversity (REGHAB) highlights the social and economic factors that are critical in this area 
and has suggested a number of ways in which conflict between raptor conservation and gamebird 
management may be reduced (e.g. Redpath et al. 2004, Valkama et al. 2005).
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TABLE LEGENDS 
 
Table 1. Techniques used to detect evidence of raptor predation and to assess or predict the impact of raptors 
on gamebirds. Their uses and limitations are based upon our evaluation when applied to studies of predation 
impact, but draws upon a number of texts including Caughley & Gunn (1996), Newton (1998) and Park (2004). 
Studies reviewed for this paper have been given as examples of where particular techniques have been used. 
Inclusion of a study into one category (e.g. dietary analyses) does not imply exclusion from any other 
categories, although we have tried to ensure that it is the primary technique used. For dietary analyses we only 
included those studies that were able to quantify gamebird contribution to raptor diet rather than simply 
presence/absence. *Although not a controlled experiment, the Joint Raptor Study25,27,30,46 has been described 
as a “natural experiment” and provided comparisons of grouse densities before and after raptor protection and 
between sites with and without raptor protection. References: 1 = Baines et al. 2004; 2 = Bro et al. 2001; 3 = 
Redpath 1991; 4 = Tornberg et al. 2005; 5 = Amar et al. 2004; 6 = Kenward 1977; 7 = Kenward et al. 2001; 8 = 
Widén 1987; 9 = Hudson et al. 1997; 10 = Watson 2004; 11 = Dudzinski 1992; 12 = Bibby 1987; 13 = Graham 
et al. 1995; 14 = Marquiss et al. 1985; 15, 16 = Mearns 1982, 1983; 17 = Newton & Marquiss 1982; 18 = Reif et 
al. 2001; 19 = Sim et al. 2001; 20 = Swann & Etheridge 1995; 21, 22 = Underhill-Day 1985, 1993; 23 = Walters 
Davies & Davies 1973; 24 = Watson et al. 1993; 25 = Picozzi 1978; 26 = Redpath & Thirgood 1999; 27 = 
Ratcliffe 1993; 28 = Thirgood et al. 2000b; 29 = Linden & Wikman 1983; 30 = Tornberg 2001; 31 = Redpath & 
Thirgood 1997; 32 = Redpath & Thirgood 2003; 33 = Angelstam 1984; 34 = Bro et al. 2000; 35 = Caizergues & 
Ellison 1997; 36 = Cayford et al. 1989; 37 = Warren & Baines 2002; 38 = Bowker & Bowker 2003; 39 = 
Johnstone & Lindley 2003; 40 = Parish & Sotherton 2007; 41 = Picozzi & Hepburn 1984; 42 = Turner & Sage 
unpublished data; 43 = Cox et al. 2004; 44 = Catt et al. 1994; 45 = Moss et al. 2000; 46 = Newton 1993; 47 = 
Thirgood et al. 2000a; 48 = Allen et al. 2000; 49 = Harradine et al. 1997; 50, 51 = Robson & Carter 1999, 2001. 
 
 
Table 2  
Most recent estimates of breeding population size in the UK, trends since 1960 and population status within the 
UK and Europe for gamebird bird species covered by the current review. References: 1 = Baker et al. 2006; 2 = 
Raven & Noble 2006; 3 = Tapper 1999; 4 = Potts 1990; 5= National Gamebag Census 
(http://www.gct.org.uk/text01.asp?PageId=164); 6 = Crick et al. 2004; 7 = Gibbons et al. 1993; 8 = Kortland et 
al. unpubl. data; 9 = Moss 1994; 10 = Sim et al. unpubl. data; 11 = Gregory et al. 2002; 12 = Canning 2006; 13 
= Game Conservancy Trust conservation guide 
(http://www.gct.org.uk/conservationguide_intro.asp?ImageId=6); 14 = Hudson 1992; 15 = Aebischer & Baines 
in press.  
 
a - Red list: species that are Globally Threatened according to the IUCN; those whose population size or range 
has declined rapidly in recent years; those whose population has declined historically and not shown a 
substantial recovery. Amber list: species with unfavourable conservation status in Europe (see note d); those 
whose population size or range has declined moderately in recent years; those whose population has declined 
historically but made a substantial recent recovery; rare breeders; and those with internationally important or 
localised populations. Green list: species that fulfil none of the other criteria. For full details of criteria see 
Gregory et al. (2002). 
b - SPEC 3: species whose global populations are not concentrated in Europe but have Unfavourable 
Conservation Status within Europe (Endangered, Vulnerable, Rare, Declining, Localised or Insufficiently Known 
categories); SPEC 4: species whose populations are concentrated in Europe (>50% global population or range 
in Europe) but have Favourable Conservation Status (Secure category); non-SPEC: not of conservation 
concern in Europe. For full details of criteria see BirdLife International/European Bird Census Council (2000). 
c - Annex I: Species in danger of extinction; species vulnerable to specific changes in habitat; species 
considered rare because of small populations or restricted local distribution; other species requiring particular 
attention for reasons of the specific nature of habitat. Annex II: species that, owing to their population level, 
distribution and reproductive rate, may be hunted throughout the European Community (Annex II-1) or in 
specific Member States (Annex II-2). See: http:/europa.eu.int/comm./ 
environment/nature/nature_conservation/focus_wild_birds/species_birds_directive. 
d – Bag sizes are the number of birds shot per km2 (100 ha) of total estate area for Red-Legged Partridge, 
Grey Partridge and Pheasant, and number of birds shot per km2 of moorland for Red Grouse.  
 
 
Table 3 
Radiotelemetry studies of Black Grouse. Mortality attributed to various fates (including raptor predation) is given 
as a percentage of the number of birds tagged, not as a proportion of birds that died during the study. 
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a - It should be noted that poults captured in this study were still in their family groups but it is not clear how 
many poults from each group were radio-tagged. Since individuals from the same brood may not provide 
independent data on survival, survival estimates based on such data may be biased to an unknown degree. 
 
b – In general, two chicks per family were chosen for radiotagging but in one case an entire brood of eight hand 
reared chicks was radiotagged. It is not possible to distinguish the mortality of the hand reared chicks from 
other chicks in the mortality figures.  
 
Table 4 
Studies assessing the losses of captively bred gamebirds to raptors and other causes of mortality. Average 
values are means unless otherwise stated.  
 
a – in this study it is stated that “from some of the reported incidents it was possible to quantify the losses of 
pheasants and partridges attributed to raptors”. From this it is unclear whether the mean losses quoted 
included responses from all the respondents including any game managers who had not experienced losses 
from raptors.  
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Technique Description/methods/outputs Advantages/uses Disadvantages/limitations 
Correlations in 
abundance and 
range 
 
• Correlations (temporal or spatial) between range or abundance of 
predator with range or abundance of prey species1-4. 
• Data can be relatively easy to collect/may use 
past records of abundance/range. 
• Can provide persuasive circumstantial evidence 
provided relationship is found at multiple 
independent sites and confounding variables 
can be eliminated. 
• Cannot derive causal relationship. 
• Cannot inform on the mechanism of impact.  
• Potential confounding variables (e.g. habitat 
loss, overhunting, pollution) over same period 
as introduction. 
Dietary 
Analysis 
• Analysis of predator diet used to assess which species may be 
affected. 
• Methods: direct observation (e.g. radio-tracking or observations 
of predators5-8), prey items returned to den/nest sites, stomach 
contents, faecal/scat analysis, marks left on carcass/eggs9-11; 
stable isotope analysis. 
• Potential outputs: presence or absence of prey in predator diet; 
proportion of remains comprising of prey species12-24; number of 
prey items taken, proportion of prey population taken3,25-
27;energetic contribution to predator diet; contribution of predator 
to proximate causes of mortality28; rate of predation6,29,30.  
• Qualitative/quantitative information on potential 
species affected by predatory species. 
• In combination with demographic models of the 
prey population, can provide an assessment of 
impact10,28,31,32. 
• With sufficient information can be used to 
characterise the numerical/functional responses 
of predator to prey species4,8,26,29,30. 
• Bias in dietary analysis can lead to under/over 
representation of particular species/groups. 
• Number of individuals/proportion of prey 
population taken is not a measure of impact. 
• Can be difficult to identify remains to prey 
species. 
Fate of marked 
individuals 
• Proximate causes of mortality for a sample of the prey population 
through mark-recapture/resighting methods or telemetry. 
• Potential outputs: age/sex specific estimates of survival33-37; 
proportion of prey population (or adult/chick population) 
depredated by different species2,38-42. 
• Proportion of mortality events attributable to a given predator33,35-
40,42. 
• In combination with modelling can provide an 
assessment of impact10. 
• Repeated studies can provide information on 
changes in proximate causes of mortality that 
could be linked with changes in e.g. predator 
numbers, habitat quality. 
• Effect of handling on some species may 
contribute to mortality. 
• Possibility that tagging may increase 
susceptibility to predation in some species43. 
• Distinguishing between causes of mortality 
e.g. between species of raptor44,45 or 
distinguishing between predation and 
scavenging. 
• Proportion of prey population taken is not a 
measure of impact. 
Experimental 
manipulation of 
predator 
numbers* 
• Methods: differences in e.g. population size, survival etc can be 
monitored using before/after or manipulated/control areas. A 
combination of both provides the most rigorous design46.  
• Potential outputs: changes to survival, breeding or foraging 
success, population size31,47 or changes in demographic 
characteristics. 
• May be used: to test impact of predators; for 
considering possible future management 
strategies.  
• May derive causal relationship. 
• Lack of response from prey population may 
result from: inadequate design/sample size, 
inappropriate timescale, need for other 
restorative measures. 
• In some situations numbers of other predators 
may increase (i.e. meso-predator release) 
• Resource and time intensive. 
• Ethical considerations. 
Questionnaires  • Surveys of gamekeepers, land owners etc. Have generally been 
used to assess impacts of predators on reared gamebirds 
/indirect effects of raptors e.g. scaring on shoot days. 
• Potential output: causes of mortality, number/proportion of 
gamebirds taken48,49; incidence of raptors scaring gamebirds on 
shoots49-51. 
• Relatively low cost 
• Can achieve wide geographical coverage 
• Can suffer from low return rates possibly 
biasing results towards people who are 
affected by, or have strong views on, particular 
issues. 
• Potential for error in recalling events e.g. 
telescoping, where respondents incorrectly 
bring events into the reference period.  
• Distinguishing between causes of mortality 
e.g. between species of raptor or 
distinguishing between predation and 
scavenging. 
Table 1 
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Table 2
Species Current distribution Most recent 
population estimates  
(95% CI) 
Population trends since 
1960s (95% CI) 
Conservation status: 
BOCC listinga; SPEC 
statusb; EU Wild Birds 
Directive Annexc 
Hunting status and bag sizesd 
Pheasant Widespread, absent 
in much of NW 
Scotland 
1,800,000–1,900,000 
females, 20001 
 
 
1994-2005: +32 (+25, +38)2. Introduced species; 
Non SPEC 
c. 20 million released and 12 million 
shot each year3,4, of which wild 
stock comprises 10%; rate of 
increase in bag size (and number of 
releases) has stabilised since 1990 
at c. 110 birds per km2 (2001)5. 
Red-legged 
Partridge 
England except far 
SW, Welsh borders, 
eastern and southern 
Scotland, eastern N. 
Ireland 
72,000–200,000 pairs, 
20001; 
 
 
+55% (+40%, +72%) 1994-
20052  
Possible decline of wild stock 
since 19853; 
 
Introduced species;  
SPEC 2  
c. 2 million released each year3; 
bags increased by c. 100% 
between 1990 & 2000 (to c. 22 
birds per km2 in 2001) resulting 
from an increase in birds released5. 
Grey 
Partridge 
Widespread except 
most of Wales, NW 
Scotland & N. Ireland 
70,000–75,000 pairs, 
20012 
Abundance: 
- 86% (-91, -80%) 1967-20006  
- 40% (-49, -29%) 1994-20052  
Range: 
- 18.7% 1970-90 UK7 
BOCC listing: Red; 
SPEC 3; 
EU Wild Birds Directive: 
not listed 
Bags declined by c. 50% between 
1990 & 2000 to c. 1 bird per km2 in 
2001); Voluntary restrictions on 
shooting in place on many estates5. 
Capercaillie Pine woodland, 
Scotland 
1980 birds  
(1284-2758), 20048 
Decline in number and range 
since the 1970s9; Population 
changes since 1998 not 
statistically significant8; surveys 
indicate some local increases 
1998-20048 
BOCC listing: Red; 
Non SPEC; 
EU Wild Birds Directive: 
Annex 1 
Hunting is banned. 
Black 
Grouse 
Wales, Northern 
England, Scotland 
5082 (3920-6156) 
males, 200510 
Range contraction since 
1960s3, and severe decline in 
numbers (c. -74% between the 
91/92 and the 95/96 surveys)11 
 
BOCC listing: Red; 
SPEC 3; 
EU Wild Birds Directive: 
Annex 1  
A voluntary ban on shooting is 
currently in place in most areas, but 
this species remains legal quarry 
and small numbers are shot each 
year12,13. 
Ptarmigan Upland areas 
(>1000m) in Scotland 
10,000 pairs, 19901 Unknown in UK; 
Overall trend in Europe 
fluctuating 
BOCC listing: Green 
Non SPEC 
EU Wild Birds Directive:
Analysis of bag data currently 
underway (N. Aebsicher pers 
comm.) 
Red Grouse Widespread in upland 
areas across UK 
155,000 pairs, 20001 Long-term and widespread 
decline since mid 1970s;  
-15% (-32%, 6%) 1994-20052 
BOCC listing: Amber;  
Non SPEC;  
EU Wild Birds Directive: 
Annex II-1/II-2 
1970-1990, c. 450,000 birds shot 
per year14; Bags exhibit strong 
fluctuations from year to year but 
have declined by c. 50% during the 
last century14,15; Bag size in 2001 
was c. 10 and 46 birds per km2 in 
Scotland and England respectively5. 
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Number/age of 
Black grouse 
tagged 
% estimated 
loss from 
raptor 
predation 
Other mortality  Raptor species Study details  Source 
107 juveniles, 
subadults & 
adults 
15.9% Total losses = 29.9% 
Mammal = 13.1 
Unknown cause = 0.9% 
Goshawk Fate monitored for up to 
four months; 90km2 study 
area; Sweden. 
Angelstam 1984 
  
18 adults 5.6% Total losses = 38.9% 
Fox = 27.8% 
Fate unknown for 56.6% birds 
Goshawk Fate monitored for 28-426 
days; Wales. 
Cayford et al. 
1989 
93 juveniles & 
adults  
24.7% Total losses = 48.4 
Mammal = 12.9% 
Unknown predator = 5.4% 
Hunting = 5.4% 
Golden Eagle 
Goshawk 
Fate monitored for up to 
two years at two sites; 
France. 
Caizergues & 
Ellison 1997 
 
22 adultsa 
48 poults 
14.3% Total losses = 37.1% 
Stoats = 11.4% 
Fox = 2.7% 
Disease = 2.7% 
Collision = 4.3% 
Peregrine Study conducted over two 
years at 15km2 site in N. 
England. 
Warren & Baines 
2002 
75 chicks 24.0% Total losses = 50-85% each 
year (80% overall); 69-100% 
deaths attributed to predation; 
where avian vs mammalian 
predation differentiated (n=20), 
avian predators = 90%  
Unidentified raptors; 
confirmed Hen 
Harrier in three cases 
Fate monitored for 21-35 
days; study conducted over 
two years at five sites in 
Wales. 
Johnstone & 
Lindley 2003 
 
54 chicksb 
31 poults 
 
 
53.7% 
61.3% 
Total losses = 79.6% (chicks), 
100% (poults); 
Foxes = 20% 
Other causes = 10.6% 
Unknown fate = 12.9% 
Goshawk & 
unidentified raptors 
Fate monitored for up to 
three years at a 54km2 site 
in Wales  
 
Bowker & Bowker 
2003; Bowker et 
al. 2007 
 
Table 3 
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Gamebird 
species 
Raptor 
species 
% estimated loss 
from raptor predation 
average max. 
 
Other mortality Method used Details of study Source 
Pheasant 
 
 
Partridge 
spp. 
Sparrowhawk 
Buzzard 
Tawny Owl 
Sparrowhawk 
 
1.9%a 20.0% 
3.2% 46.7% 
1.8% 15.0% 
7.5% 70.0% 
 
Not reported  Questionnaire survey of 
game managers  
996 respondents  
(c. 26% response level); 
losses incurred in 1995; UK. 
Harradine et al. 
1997 
Pheasant Unidentified 
avian spp. 
0.8% 4.7% 
(median) 
Total losses: 1.6% (median), 
18.4% (max.); Fox predation, 
starvation & disease comprised 
most other mortality.  
Numbers & descriptions of 
carcasses found by 
gamekeepers 
14 estates, 28 pens; median 
length of recording period = 
28.5 days; England. 
Allen et al. 
2000 
Pheasant Buzzard 
Tawny Owl 
Sparrowhawk 
4.3% 30-35% 
0.7% - 
0.6% - 
 
Losses to:  
corvids = 0.1%,  
Foxes =3.2%,  
other mammals = 0.6% 
Gamekeeper records, 
radiotelemetry of Buzzards 
& prey remains at nests 
20,725 birds released over 
two years at 28 pens; 
England.  
Kenward et al. 
2001 
Pheasant Unidentified 
raptor spp. 
0.6% - 37.5% shot, 36% depredated/ 
scavenged (largely Foxes), 10% 
disease/ accidental. 
Radiotelemetry of Pheasant 486 released birds over three 
years on six estates; fate 
monitored July – February; 
England. 
Turner & Sage 
unpublished 
data 
Partridge Unidentified 
raptor spp. 
5.6% (site 1),  
28.0% (site 2) 
 
Total losses:  
39% (site 1), 
89% (site 2)  
 
Radiotelemetry of Partridge 204 released birds at two 
sites; fate monitored over 12 
months; Scotland. 
Parish & 
Sotherton 2007 
Pheasant Goshawk 18.6%  - 46.5% shot, trapped up for 
breeding or free; fate of 
remaining 35% not stated. 
Radiotelemetry of Goshawk 
& gamekeeper records 
4300 released birds at one 
site; predation estimated 
August – February; Sweden. 
Kenward 1977 
 
Table 4 
 
